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Due to the falling cost of hardware and the growing popularity of the technology, companies and 
institutions worldwide are becoming increasingly aware of the potential of using Virtual Reality 
(VR) as an integral part of their training processes. The benefits of VR training include giving 
employees a safe environment in which to make learning mistakes and giving employers the 
opportunity to remove the risk and cost associated with traditional training methods, using real 
equipment and people. With finite budgets and limited space for hardware, training providers still 
need to provide a comprehensive array of scenarios. The implementation of the controls as well 
as the hardware selection is an important part of the simulation setup, and this thesis investigates 
the best way to implement this, based on using as generic as possible a hardware setup. 
A heuristic usability study was conducted with six people, including both potential users of VR 
training as well as VR development experts. The tests were conducted using a combination of 
different control mechanics and hardware to try to establish how intuitive and easy to learn the 
different control systems were.  
The results obtained showed that users of the system found swapping between hardware 
controllers whilst wearing the VR Head-mounted display (HMD), to be extremely clumsy. Also, 
the respondents overall found that using control systems such as “look-and-click”, where the user 
looks at items with the HMD whilst pressing buttons on the steering wheel to be an intuitive way 
to interact with the virtual world. From the testers’ comments it became clear that guidance is a 
major plus point in these types of simulations, where step-by-step introduction to the controls, as 
well as an informative feedback system are highly appreciated by users of the system. 
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1 INTRODUCTION 
With the rapidly falling costs of hardware and rising availability and awareness of the 
technology in general, it is perhaps no surprise that companies and institutions are 
increasingly looking to Virtual Reality (VR) Technology to both enhance the quality of 
their training as well as potentially save time, material resources and therefore money. 
No longer restricted to niche applications such as flight training, medicine or the military, 
the VR training market is set to grow rapidly – according to the International Data 
Corporation, worldwide spending on Augmented and Virtual Reality in 2020 was 
predicated to reach $18.8 billion worldwide. Western Europe alone makes up $3.3 billion 
of this figure and will have a predicted 104.2% growth in spending between 2020 and 
2023. The spending on training alone worldwide was expected to be $2.6 billion in 2020. 
(International Data Corporation 2019). The current worldwide COVID-19 virus pandemic 
will naturally have an impact on this, as with all business activity, but there is no reason 
to expect the trend to cease once social distancing ends. It would seem that the business 
world is only just realising the value of using VR as an integral part of their training, but 
with some evidence showing an up to 50% decrease in the time taken to on-board new 
staff members, the acceptance and enthusiasm for VR in training is likely to grow fast 
(Lanham 2019).  
1.1 VR development in training 
There are many reasons for the increasing popularity of VR in training, one of the most 
important being that VR provides a safe environment in which to experiment. An 
employee or other trainee has the opportunity to play through the same VR scenario, as 
many times as is required for them to learn the skills being taught. This would be in most 
cases beneficial for the employer as well as the employee – for the employee the chance 
to make mistakes, confident in the knowledge that nothing catastrophic can happen in 
the virtual world, for the employer the risk and cost removed of allowing trainees to make 
those mistakes with real equipment or customers (Farshid, Paschen et al. 2018).  
VR, by definition, also provides complete immersion, something which cannot be offered 
by traditional learning methods on a computer, tablet or mobile device screen. This 
means a lack of distraction and, therefore, a complete focus on the scenario and the 
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task. Looking to one’s left or right, simply shows you more of the virtual environment. 
This sense of immersion when practising tasks has been shown in one study from the 
United States, to improve self-efficacy of medical students. This is obviously an essential 
point about what happens after training, too. The challenging transition between the 
training and the real environments can be an overwhelming one. The immersive nature 
of VR, at least to some extent, helps the newly qualified trainee to feel like they have 
already been there before. (Francis, Bernard et al. 2020). 
If implemented well, a VR control system can also be at least slightly simplified, 
compared with a screen-based application, since the user does not have to worry about 
controlling the view. With head tracking this is done automatically when one turns one’s 
head. 
Several internationally-known companies from the business world, such as Ford, Ikea, 
Walmart, BP and Johnson & Johnson, have already started using VR in some form, and 
this is just the tip of the iceberg (Farshid, Paschen et al. 2018, Thompson 2019). VR is 
also gaining wide use in healthcare, where its ability to give healthcare trainees the ability 
to make mistakes in a zero-risk environment is proving invaluable (Thompson 2019, Best 
2019, Fade 2020). There seems to be almost limitless applications for VR technology in 
training, being already used for customer interaction, emergency scenario, driving and 
warehouse training to name just a few (Sportillo, Paljic et al. 2018, Thompson 2019, 
Harman 2020). 
One of the most difficult challenges facing both designers and developers tasked with 
creating VR setups used in training, is how to create the most “true-to-life” simulation 
possible with an intuitive control system, whilst keeping the hardware setup as minimal 
as possible. A large barrier to the use of VR, or indeed any technology in training, is the 
initial learning curve of the controls. A particular problem for VR, where full immersion is 
desired, is that overly complex or unnatural controls are likely to distract from the 
experience itself, due to the focus being directed towards adapting to a new control 
system. Conversely, a well-designed and natural control system will help to maintain the 
perceived realism and immersion (McGloin & Krcmar 2011). If the person taking part in 
the simulation feels a sense of presence, this is likely to increase motivation and 
therefore better positive learning outcomes (Mikropoulos & Natsis 2011).  
Without this sense of presence, the perceived ease of use which in turn feeds into 
positive attitudes towards using and purchasing VR will be negatively affected, and this 
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will likely delay the uptake of VR as a part of corporate training (Manis & Choi 2019). 
There are challenges around finite budgets for hardware, as well as unavoidable 
difficulties with simulating real-life actions, an example being walking, where a vast 
physical area would often be required.  
In this thesis, these particular challenges about the use of hardware and intuitive in-game 
controls will be investigated further, using research and evaluation to help uncover some 
potential pitfalls, as well as potential areas of interest, specifically focusing on use of 
appropriate controller hardware, transitioning between different controller types, usability 
of in-game menus and simulated approximation of real-life actions. 
1.2 VR Hardware, Software and Plugins 
The available VR sets on the market range from low-cost mobile-based headsets such 
as Google Cardboard and Samsung Gear VR, through to mid-range sets usually 
designed to be connected to a computer or console, such as the Oculus Quest 
(wireless/wired), PlayStation VR, Oculus Rift-S, HTC Vive/Vive Pro, Valve, HP Reverb 
and top-end, high-cost and high resolution sets such as the Varjo VR-2 and the PiMax 
8K. 
All of the mid-range devices are available to purchase here in Finland from high-street 
shops such as Gigantti and Verkkokauppa.com, except the Valve Index which appears 
to be mostly sold directly from Valve. 
When considering VR technology designed for use outside of console gaming (and 
therefore disregarding the Sony sales), HTC and Oculus unit sales for 2019 account for 
a significant portion of the market, 2.5 million combined compared to 1.3 million for all 
other manufacturers (Figure 1).  
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Figure 1. Unit shipments of VR devices worldwide from 2017 to 2019 by vendor (Tsai 
2018). 
Due to the high number of Oculus and HTC devices on the market and easy availability, 
they are commonly found in VR development labs, and due to their good quality to price 
ratio are a good standard for most VR training purposes. Both Oculus and HTC devices 
also offer a good level of support, both being compatible with SteamVR and VRTK 
(Virtual Reality Toolkit) plugins, which can be used with Unity, one of the most widely 
used game engines, particularly for VR content, available today (Dealessandri 2020).  
Devices from both of these manufacturers work in largely the same way, containing a 
head-mounted display unit, with both rotation and move tracking, and two wireless 
controllers with buttons, using both accelerometers and movement tracking (Figure 2). 
The head-mounted display (HMD) and the controllers are traditionally tracked using so-
called “base stations” which emit infrared light and laser beams. The controllers and the 
headset have multiple sensors which receive the light, making them able to calculate 
their distance and direction from the base stations. VR sets such as the Oculus Rift-S 
and Quest however use inside-out tracking, named “Oculus Insight”. Using built-in 
headset cameras, this system negates the need for external base stations, at the cost of 
less accurate tracking. 
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Figure 2. On the left, Oculus Rift 2nd generation VR controllers, on the right HTC Vive VR 
controllers (Uker 2019). 
1.3 Other types of control for VR 
Standard VR wireless controllers are not used exclusively. PlayStation VR for example 
has been successful in implementing VR for console gamers, at least in terms of sales 
(Figure 1), and employs multiple different control options, including the wireless move 
controllers, steering wheels and the standard PS4 DualShock gamepad controllers. 
Facebook have already introduced controller-free hand tracking, eliminating the need for 
any controllers at all. Whilst this may not be suitable for all games right now, it is likely to 
be developed further in the near future. (Baker 2019). 
For the purpose of VR simulation on standard PCs, the choice of input will largely depend 
on the type of simulation as well as budgets. VR wireless controllers, gamepads, 
joysticks, flight yokes, steering wheels, pedals and even keyboard and mouse can be 
used (Figure 3).  
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Figure 3. Clockwise from top left – generic gamepad, Thrustmaster T300RS racing wheel 
and pedals, Microsoft Sidewinder Precision 2 and Saitek Pro Flight Yoke System 
(Mzacha 2007, rseatstore.nl 2020, Jlochoap 2007, mypilotstore.com 2020). 
1.4 Aim of the thesis 
This thesis was commissioned by ADE (Animation, Designs & Effects) Oy, who are 
already providing VR training software to companies in various sectors.  
Simulandia is a wide-ranging project being developed by ADE for TTS (työtehoseura, 
eng. “workforce union”), containing many scenarios relating to working practices or work 
safety. When completed, the aim is that rather than having scenario-specific VR training 
stations, multiple training stations could be set up, each with identical control hardware 
(Figure 4). 
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Figure 4. Intended hardware setup for the Simulandia project. 
This generic setup immediately raises questions around both how the actions which the 
trainee performs in the scenario can be approximated as well as how the trainee might 
switch between different actions, such as grabbing/pointing/walking/driving, potentially 
switching between different controllers, whilst wearing the VR headset. One example 
might be using a VR controller to perform an action such as walking or menu selection 
and then having to switch to the steering wheel and pedals for driving. 
A large part of the project involves driving simulators for different types of vehicles and it 
is two of these that have been selected for testing for this thesis, due to their having 
requirements to use menus, walk and drive.  
This thesis continues with Chapter 2, which describes the materials and methods used 
for the study. In Chapter 3 the results are detailed, followed by an analysis of the results 
in Chapter 4. The thesis closes with a conclusion in Chapter 5. 
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2 MATERIALS AND METHODS 
Both of the scenarios were created using the Unity game engine with C# scripting. VRTK 
tools and the Steam VR plugin were used for the VR. 
Two Unity-created builds, one for each scenario were created for the test, along with an 
accompanying one-page instruction document and a two-page document detailing the 
control system. The intention was to give a good basic idea of the controls before the 
participant started the test. The instruction document was translated into Finnish to help 
the process of familiarisation for Finnish testers. 
All of the tests were conducted with the author being present to assist where needed. 
Furthermore, the ability to press a button on the steering wheel in order to show the full 
control set in VR was added to each of the scenarios. 
The testers were selected in order to receive feedback both from people familiar with VR 
technology as well as potential users of the technology - the people undertaking training 
who might have never used a VR headset before. Four VR experts and two possible 
target users tested the scenarios. 
2.1 Methods for evaluating application usability and effectiveness  
A usability test, or usually tests, is/are an important part of the software development 
lifecycle (Stackify 2020). Although the tests vary, the process will normally include having 
a set list of tasks for the user to perform and measuring the success/failure or gaining 
feedback from the participants. The main aim for any software should be that it is easy 
to use, easy to familiarise oneself with and overall provides a satisfying experience 
(Swati 2020). Based on the iterative design principle, regular testing will: 
• Uncover design faults, often serious ones. 
• Help to discover design improvement opportunities. 
• Provide an opportunity to learn about users’ behaviour and preferences. 
 
(Moran 2019) 
 
13 
TURKU UNIVERSITY OF APPLIED SCIENCES THESIS | Paul Standing 
Usability testing for any product can be either qualitative or quantitative: 
• Qualitative – Focuses more on user opinion, i.e. specific feedback from the user 
about what they are finding works, and what does not. 
• Quantitative – Focuses more on measurable results, such as whether the task 
was completed, and the time taken to perform a task. 
For a quantitative-type test, the number of testers should normally be as high as possible 
in order to gain the most accurate data possible. These types of tests usually produce 
figures that may not mean that much on their own, but can be compared to results from 
other software tests and used to track the success of software changes over time. 
Quantitative tests are not generally performed in the middle of the development process, 
unlike qualitative tests. Testing must be strictly controlled in order to avoid measurement 
noise, i.e., when testing using large numbers of people, small differences in each test 
can lead to a large result error. Care should also be taken to keep each test as similar 
as possible (Budui 2017). 
Conversely, for a qualitative test, the number of users can be kept fairy low - according 
to Nielsen Normal Group, just 5 users will uncover 80% of usability problems, rising close 
to 100% for 15 users (Figure 5). 
 
Figure 5. Percentage of usability problems found with increasing numbers of test users 
(Nielsen 2000). 
The results from a qualitative test are, by definition, more about users’ opinions and 
gaining insight, compared with the stricter measurements of a quantitative test. However, 
it is still useful, even with the low numbers of testers, to see if all participants, for example, 
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encountered the same problem with a certain task. Generally speaking, due to the low 
volume of testers, as well as the type of measuring being carried out in a Qualitative test, 
the controls over the similarity of each test need not be as strict. Testing with people both 
in person and remotely will still yield useful results. (Budui 2017). 
For the purposes of this thesis it was decided to base the testing on a qualitative heuristic 
evaluation. This choice was based on both practicality as well as suitability. Regarding 
practicalities, the tests being performed for this thesis use equipment that may not be 
widely available, therefore, it would not be possible to just send out copies of the software 
and ask people to evaluate remotely. Furthermore, this thesis’ purpose is to gain useful 
feedback about the usability of software currently under development, as well as to try 
to uncover some general rules about some specific ways in which users interact with the 
combination of VR hardware controls and software.  
2.2 Details about the scenarios and the test 
The two VR scenarios prepared were:  
• A truck-reversing scenario (Figure 6) for which improvements were made to a 
previously existing scenario. 
• A bus driving scenario (Figure 7) created during the course of the preparation for 
the study. 
 
 
Figure 6. Images from the truck reversing scenario. 
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Figure 7. Images from the bus driving scenario. 
Both scenarios start with the player sitting in the vehicle, being required to perform 
checks and adjustments before starting the driving part of the scenario.  
The aim of the truck-reversing scenario is to manoeuvre and reverse the truck onto the 
loading bay. At the start of the scene, the player has the option to adjust the side mirrors, 
as well as their seating position. This is done by using the controls on the steering wheel 
(Figure 8). 
16 
TURKU UNIVERSITY OF APPLIED SCIENCES THESIS | Paul Standing 
 
Figure 8. Controls for the adjustments at the start of the truck scenario. 
If the user is looking directly at the mirrors, the buttons will rotate the mirrors to adjust 
the view. If the user is looking anywhere else, the buttons adjust the seating position. 
Once the player has started the driving part of the scenario, they have the ability to 
change between the forward and reverse gear, whilst the vehicle is stationary, by 
pressing a button on the steering wheel. At any point, if the vehicle is stationary, the 
player can leave the truck by staring for three seconds at the door handle, and walk 
around the outside to see how the reversing is progressing 
The aim of the bus scenario is simply to drive the bus around, carefully following the 
rules of the road. At the start of the scene the player has the option to adjust the side 
mirrors, adjust the seating position, move between two control-type screens 
(Driving/Adjustment options) and fasten their seatbelt using the wireless VR controller 
(Figure 9). 
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Figure 9. Controls for the adjustments at the start of the bus scenario. 
Once driving, as with the truck, the player can change into a reverse gear with a button 
on the steering wheel if the bus is stationary. However, there is no option to move outside 
the bus. 
The full instruction document for the test can be seen in the appendix (Appendix 1) as 
well as the full control guide (Appendix 2) 
2.3 Details about the hardware 
This was not designed to be a full A/B test as such, where identical scenarios would be 
created, differing only in the testable metric. The scenarios do however have significant 
differences, the truck scenario uses only a steering wheel (with buttons), pedals and a 
VR headset, whereas the bus scenario also incorporates standard wireless VR 
controllers for adjustments. The truck scenario includes a mechanic whereby the player 
can exit the truck and walk, or in this case glide, outside to get a better look at the truck’s 
position which would happen in real-life training, to evaluate how the exercise is currently 
progressing. 
For the test itself, it was decided that all participants should use the same hardware 
control system, and this was selected to match what is currently expected to be used for 
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the ADE/TTS Simulandia project and was also available for all testers. For the purposes 
of this study, the HTC Vive was selected as the target device, as it delivers everything 
required, and had already earlier been selected for use with the larger project, for which 
this study is just a small part. Alongside this, the Thrustmaster T300RS steering wheel 
with dual foot pedals was used (Figure 10). 
 
Figure 10. HTC Vive VR set and the Thrustmaster T300RS steering wheel and pedals 
(Gigantti.fi 2020, rseatstore.nl 2020) 
2.4 Details about the heuristic evaluation 
For the testers to evaluate the scenarios, nine heuristic principles were determined, 
based on Michael Brown’s “Revised Heuristics” but modified slightly to suit this specific 
test and what was trying to be established (Brown Sep 2008). These were:  
 
• The tasks are taught appropriately 
• The tasks are logical and consistent   
• Allow for users’ knowledge and experience 
• Awareness of available settings 
• Aspects of the game’s world are distinguishable 
• Visibility of the system status 
• Objects are identifiable 
• Game accommodates the appropriate input devices 
• Simulation is playable in non-ideal circumstances 
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For post-test evaluation, two Microsoft Forms feedback questionnaires were created, 
one for each scenario and, as with the instruction document, duplicate Finnish versions 
were made for any Finnish testers. This was particularly important, since, as well as 
wanting the participant to fully understand the questions, it was considered better not to 
hinder potential feedback being given, due to the tester not being able to find the right 
words. 
The feedback questionnaires first ask for the participants’ general information and 
description of their current level of VR experience. Next is the Likert Scale ratings section 
(Figure 11). 
 
Figure 11. Likert scale section of the questionnaire. 
The ratings for this first section were chosen to be on an equally-spaced moving scale 
from “Strongly disagree” to “Strongly Agree”, using “Don’t know” as a possibility for a 
participant who genuinely does not know how to answer, in order to avoid the data being 
skewed by a semi-random choice. This section’s statements were designed to cover all 
of the heuristics, but with a specific emphasis on the input system, both the hardware 
used and the implementation. This means there were many more questions related to 
the scenario using the appropriate input devices. The ratings section was designed to be 
as simple as possible, having only short statements with which the participant could 
choose the level of their agreement. All statements were in the positive, but with care 
taken to try to keep them as neutral as possible.  
For the rest of the questionnaire the heuristic principles were examined in more detail. 
Each heuristic was defined, followed by some points to consider and asking the 
respondent first to give an overall star rating for the heuristic, and then offering them the 
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chance to provide feedback in a text form (Figure 12). As opposed to the Likert Scale 
part, these questions actually bring together some of the related heuristic principles into 
broader metrics, such as “Game status” or “Input/Hardware” (Figure 12). 
 
 
Figure 12. Star rating and comments section of the questionnaire 
The full questionnaire can be seen in the appendix (Appendix 3) 
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3 RESULTS 
Each test participant was required to fill in two questionnaires, one for the truck scenario 
and one for the bus scenario. The results from all 12 questionnaires, from six testers 
were extracted from Microsoft Forms and analysed in Microsoft Excel. 
3.1 The first 15 heuristics 
The results from the first part of the questionnaire, made up of 15 specific heuristic 
statements are shown (Figure 13) with the 15 statements listed below.  
1. The controls were easy to get used to 
2. The in-game instructions aided my learning of the controls 
3. The controls are intuitive 
4. It didn't take a long time to get used to the main controls 
5. The controls seemed logical, when compared to each other (e.g. if trigger is grab, 
it always works for grab) 
6. There was enough in-game instruction, but also the option to skip past if desired 
7. Available settings were clearly visible 
8. It was obvious which objects were interactable, and which were scenery/non-
interactable 
9. It was clear at all times what was happening in the scenario, and what actions 
were available 
10. It was easy to understand meaning of icons within the scene 
11. The use of the controller hardware simulated the real-world actions well 
12. Switching between the controller hardware (if the scenario required it) was not 
difficult 
13. The implementation of the controls within the scenario, felt realistic 
14. The scenario would be playable by someone with poor hearing or eyesight 
15. I think that the simulations could be used in challenging environments, such as 
somewhere with a lot of external noise 
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Figure 13. Answers to each statement, represented by percentages showing the 
selected agreement level reported by the respondents 
Overall the results are quite varied. 20/30 total statements covering both scenarios had 
at least one responder who either disagreed or strongly disagreed with the statement. 
However, there can also be seen quite significant areas of blue and green in the bars, 
meaning a lot of the heuristic targets were thought to have been met. 
The truck scenario generally scored similar or better than the bus scenario, however; 
For the statement "The controls are intuitive", for the bus scenario 66.6% of respondents 
stated “agree” and “strongly agree”, 33.3% of respondents stated “disagree”. The truck 
scenario was more varied with 50% of respondents stating “agree” or “strongly agree”, 
33.3% stating “neither agree nor disagree” and 16.6% stating “disagree”. 
For the statement "The scenario would be playable by someone with poor hearing or 
eyesight", the truck scenario scored significantly lower. 75% stated “disagree” or 
“strongly disagree”. 
The average for both of the scenarios for this statement was also below "neither agree 
nor disagree" giving cause for further investigation. 
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The 15 statements will now be analysed alongside the original heuristics set out for 
analysis: 
Heuristic: Game accommodates the appropriate input devices (Statement 1, 3, 4, 
11, 12 and 13) 
These statements cover input, which is the central part of the study. Statements 1 and 4 
dealt with both whether the controls were generally easy to get used to, as well as if the 
main controls in the scenario took a long time to get used to. It seemed that respondents 
thought that the main controls were easy enough to get accustomed to, but when 
considering learning all of the controls, a third of the testers did not think it was so easy. 
Overall the truck scenario performed marginally better than the bus scenario. 
Statement 3 asked specifically about how intuitive the controls were. For the truck 
scenario, half of the respondents were neutral, or worse, to the statement. A third of the 
respondents also disagreed with this statement in relation to the bus scenario. 
Statements 11 and 13 asked both whether the choice of hardware as well as the software 
implementation of the controls matched the real world and felt realistic. For the hardware 
side, the truck scenario scored well, with all respondents agreeing or strongly agreeing 
with the statement that the use of the hardware simulated real-world actions well. For 
the bus this was not the case, although two-thirds agreed, with a third being somewhat 
neutral about the statement. Regarding the software implementation, the truck scenario 
again scored marginally higher, although both scenarios scored reasonably well. 
Statement 12 asked whether the respondents found switching between controllers 
difficult or not. For the bus, a third of people thought that the transition between using 
the wireless VR controller and the steering wheel and pedals was difficult. For the truck 
scenario there is no changing between hardware as such, but the respondents who have 
stated that it was not easy, perhaps were thinking about having to switch between using 
buttons for adjustment and the actual driving part.  
Heuristics: the tasks are taught appropriately, the tasks are logical and consistent, 
allow for users’ knowledge and experience (Statements 2, 5 and 6). 
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Overall the respondents slightly favoured the truck scenario over the bus scenario for all 
three statements, however the difference is not a large. These particular points would 
not be priority areas for improvement. 
Heuristic: Awareness of available settings (Statement 7) 
More respondents agreed with this statement for the truck scenario compared with the 
bus scenario. 
Heuristic: Aspects of the game’s world are distinguishable (Statement 8) 
Half of the respondents, for both scenarios, either did not fully agree (neither agree nor 
disagree) or worse with the statement about being able to distinguish between those 
objects that were interactable, and those that were simply scenery/background. One 
respondent strongly disagreed with this statement for the bus scenario. The truck 
scenario scored slightly better than the bus scenario on this metric. The difference could 
be due to the truck scenario using the “look and click” mechanic, where there was either 
object highlighting or countdown timers activated, compared with the bus scenario which 
uses the VR wireless controller with a laser pointer. The laser pointer turns green when 
pointed at an interactable object, but this may not have been as clear, leading to half of 
the respondents scoring “neither agree nor disagree” or worse. 
Heuristic: Visibility of the system status (Statement 9)  
For this metric, the truck scenario again scored better than the bus scenario, however 
half of the respondents for both scenarios scored “neither agree nor disagree” or worse. 
Heuristic: Objects are identifiable (Statement 10) 
The truck scenario scored higher than the bus scenario for this metric. This could be due 
to the truck scenario using object highlighting as opposed to the bus scenario which uses 
more icons to direct the user. 
Heuristic: Simulation is playable in non-ideal circumstances (Statement 14, 15) 
These two statements cover the question of accessibility as well as usability in non-
ideal environments for the scenarios. For the statement about whether the scenarios 
could be used by people with poor eyesight/hearing, 40% disagreed or strongly 
disagreed for the bus scenario and 75% disagreed or strongly disagreed for the truck 
scenario. However, regarding the statement about using the simulations in more 
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challenging environments, such as a lot of exterior noise, on the whole the respondents 
seemed to agree that both of the scenarios would be useable.  
To get a more general picture of what the testers thought of the scenarios based on the 
15 heuristic statements, the averages were calculated by turning the ordinal answers 
from strongly disagree to strongly agree into numbers 1-5 (Figure 14). 
 
 
Figure 14. Averages of the agreement level for each of the heuristic statements 
This chart appears to show that on average, for most of the statements, the testers were 
at least quite neutral about each statement or agreed with it. The responses for the truck 
scenario compared to the bus were either the same or better, in every case except 
statement 14, which was about accessibility.  
For the truck scenario, 9/15 metrics average scored "agree" or higher; In-game 
instructions aided my learning of the controls, The controls seems logical compared to 
each other, There was enough in-game instruction and ability to skip, Available settings 
clearly visible, It was easy to understand meaning of icons within the scene, The use of 
controller hardware simulated real-world actions well, Switching between control 
hardware was not difficult, The implementation of the controls felt realistic, Simulations 
could be used in challenging environments. 
For the bus scenario, only 4/15 metrics average scored "agree" or higher; In-game 
instructions aided my learning of the controls, There was enough in-game instruction and 
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ability to skip, The use of controller hardware simulated real-world actions well, 
Simulations could be used in challenging environments. 
3.2 The last 5 heuristics and comments 
3.2.1 Star ratings 
The results from the 5 grouped heuristic statements (containing both an overall star 
rating, and an optional comments text form) were as follows: 
Heuristic metric 
1. Learning of the controls - Consider how easy it was to learn the controls, 
whether there was a logical flow when comparing controls to each other, in-game 
instruction. 
2. Menu/settings - Consider the usability of the different buttons etc. in the 
adjustment parts of the scenario, whether it was obvious which objects were/were 
not interactable and whether icons made it easy to identify, for example, a 
button's purpose. 
3. Game status - Consider whether you as a player knew at all times in the scenario 
what the game status was, and what actions were available to you. 
4. Input/Hardware - Consider whether the use of hardware was appropriate for the 
different parts of the scenario. Did it make sense to use the controllers, or "look 
and click" for different functions? Was switching between VR devices (if relevant 
to this scenario) easy or difficult. 
5. Accessible use - Consider whether these scenarios and the VR hardware would 
be easy or difficult to use, either in difficult circumstances such as a noisy 
environment, or by people who are hard of hearing or have poorer eyesight. 
Overall, it can be seen that for both scenarios the testers did not consider there to be 
major issues with learning controls, game status or accessible use (statements 1, 3 & 5) 
(Figure 15). Menu/Settings and Input/Hardware, specifically for the bus scenario, have 
scored quite low for some testers, when looking at the standard deviation (statements 2 
& 4). The truck scenario scored higher on every metric except "Learning of the controls" 
(Figure 15). 
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Figure 15. Averages for the star rating for each grouped heuristic statement 
3.2.2 Low rating comments 
When looking closely at the individual comments attached to low scoring statements, 
those scoring 6 stars or below, more specific issues become clear. 
Truck scenario 
Too much information at the start and too easy to accidentally skip over the 
control guide. 
“It was too easy to skip past the control guide at the start of the scenario by accident” 
“All the information comes to the user in one go. could [sic] be better to divide it and 
introduce the information step by step” 
“The process to get out of the truck was a bit lost in the initial instructions so it is not 
obvious to look at the door handle to get out.” 
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Interactions / Interactables were not obvious and did not give any feedback. 
 “When I have my vision on the object it turns red, but I think it would help to have these 
interactable objects with some permanent yellow outline or something that make me 
know even if I am not looking directly to [sic] the object, that object is interactable. Could 
be more audible or visual feedback about what’s happening and success/failure” 
“If you looked at the door handle it went red and I felt I needed to press a button 
somewhere to open the door” 
“For the user, there was not enough clear feedback about the change of gear 
happening.”  
“There could be more of both visual and audio feedback from actions, as well as 
success/failure of actions” 
“Buttons on the steering wheel could be more clearly marked” 
The mechanic whereby you can walk outside the truck still needs improvement. 
“Use of the pedals to move outside the truck was easy to learn, however felt with the VR 
glasses physically a bit uncomfortable.” 
“For the walking around, it felt a bit strange to look in a direction to turn there. I found 
myself often turning the wheel to change my walking direction.” 
The mirrors were too small / not high enough resolution. 
“I also think the mirror views are small or not clear enough.” 
“..the view was quite blurry which bothered me quite a lot.” 
Bus scenario 
Problems with the use of the Vive controllers for adjustments. 
“It didn't feel logical that the VR wireless controller was used only for the scenario's 
adjustment part. Switching between the VR wireless controller and the steering wheel 
controls felt tricky” 
 “The touchpad was too sensitive” 
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“Mirror or seat adjustment during driving would be difficult, since the controller has to, in 
practice, be placed on the table during driving.” 
“Controller switching with VR should only happen if you can somehow see through the 
mask at some point. I didn't like switching controllers because where do you put the 
controller down and how do I find it again.” 
Interactions / Interactables were not always obvious and did not give much 
feedback. 
“…interactable objects were mostly obvious, except for the seatbelt. It had no 
highlighting.” 
“It was not easy to figure out how to adjust the mirrors.” 
The information given to the user for this scenario was poor. 
“There wasn't much status to worry about because no analytics are shown about 
anything....” 
“It wasn't clear enough from the instructions that the mirrors were adjustable from the 
touchpad” 
“The bus scene didn’t have anything to do besides driving” 
Too much information at the start. 
“I had to remember how to toggle to the instructions and the instructions did not offer me 
the same info as at the start... or maybe I didn't think to look for them properly.” 
3.2.3 High rating comments 
A few of the positive comments are listed below which might indicate mechanics or ideas 
that are worth keeping, or even developing further. 
Having one button, with which to bring up the canvas showing all the controls, 
worked well (both scenarios) 
“The option of press a key in any moment to remember which function has each key it´s 
a great idea. I think that the instructions was [sic] perfectly clear.” 
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The use of pedals, for moving outside of the truck in the truck scenario, was 
thought to be intuitive though did give an uncomfortable feeling for some 
“Use of the pedals to move outside the truck was easy to learn, however felt with the VR 
glasses physically a bit strange.” 
Most users reported that they could get used to the main controls, even if it did 
take a bit of time (both scenarios) 
“When I realised that the instructions could be seen in the environment, it was easy to 
use.” 
“The main controls were quite intuitive.” 
“The controls were easy enough to get used to” 
“It was quite easy to understand the controls.” 
The “look and click” mechanic in the truck scene was thought to work well 
“I preferred the truck driving controls because I did not have to switch. (controllers)” 
“I think that look and click it’s a great option.” 
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4 DISCUSSION 
4.1.1 Problems and possible solutions for the truck scenario 
Too much information at the start and too easy to accidentally skip over the 
control guide. 
The canvas at the start of the scenario contains a lot of controls, including how to make 
seat/mirror adjustments as well as the main driving controls and the controls for walking 
outside the truck. Because of this, many testers chose to simply ignore this and start the 
scenario due to the overload of information. It is likely the testers would not have even 
realised that the canvas would disappear upon choosing to start the scenario.  
A possible solution would be to have a staged tutorial which gradually introduces the 
controls. This was also recommended by one of the testers. 
Interactions / Interactables were not obvious and did not give much feedback. 
Multiple comments stated that there was not enough feedback from interacting with the 
world.  
Interactable objects in the truck scene turn red when being looked at, however it was 
suggested and would seem to make sense, to have some default highlighting colour to 
know which objects were interactable, then turning a different colour when being directly 
looked at. There are a lot of other ways to give feedback to the user visually, such as 
effects or text boxes as well as audibly in the form of confirmation/fail sounds when 
interacting with objects or when certain tasks are completed. One useful idea from the 
comments was that the buttons that existed physically on the steering wheel, should be 
shown in the VR world, making them easier to find, as well as providing feedback when 
pressed. 
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The walking outside of the truck mechanic still needs improvement 
Although the testers generally found that they were able to use the foot pedals to control 
the simulated walking outside of the truck, some found the experience slightly 
uncomfortable. More than one tester also attempted to turn the steering wheel in order 
to turn the view. 
One possible fix to the uncomfortable feeling of moving outside the truck would be to 
slow down the speed of the camera. Currently the player can move quite fast, and this 
can start to induce a slight feeling of nausea. Another possible fix could include 
introducing a teleporting mechanic instead of the gliding to simulate the walking.  
Regarding the turning of the steering wheel to turn the view, whilst this seems to be the 
natural intuitive thing to do, implementing turning the steering wheel as a mechanic when 
walking outside the truck, would cause the steering wheel to be in a different position to 
when you exited the truck. Once the player gets back into the truck, the wheels will now 
be turned in a different direction from how they left them, which is certainly not ideal. It 
is possible that the whole mechanic either needs a complete re-think, or perhaps the 
users would get used to this after a few attempts. 
The mirrors were too small / not high enough resolution. 
There are some limitations on what can be done to increase the resolution of the mirrors, 
without causing significant cost in frame rate due to the computing power required. 
However, using a higher resolution headset, such as the HTC Vive pro as opposed to 
the standard HTC Vive might achieve better visual results. Another simple fix could be 
just to increase the size of the mirrors. 
4.1.2 Problems and possible solutions for the bus scenario 
Problems with the use of the Vive controllers for adjustments 
The comments were both about the sensitivity of the wireless controller’s touchpad and 
how tricky it can be to put the controller down with the VR headset on.  
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Regarding the sensitivity of the touchpad, the Vive controller has a touchpad which can 
also be clicked in four directions. It was wanted for the test to bind the actual clicking 
button to the controls, however with Unity’s new input system it was possible only to bind 
the touch press, rather than the desired click press. The fix for this would be to find a 
way to bind the click pressing over the touchpad press.  
There is not much that can be done about having to physically put down and potentially 
pick up a wireless controller, when moving to using a steering wheel. One possible 
solution could be to have a specific area on the table, or a tray to hold the controller, but 
the same area would have to be clearly marked in the VR environment which would 
require the user to be perfectly centred in the VR room setup. Of course, another option 
is to remove the wireless controller use completely and try to introduce something like 
the truck scenario’s “look and click” mechanic. 
Interactions / Interactables were not always obvious and did not give any 
feedback. 
As with the truck scenario, users also felt that in the bus scenario there was little, or no 
feedback given from interactions with the world around them. Particular mentions were 
given to the lack of highlighting of the seatbelt and not knowing how to adjust the mirrors. 
The fixes would be to provide a default highlighting colour, or other marker, to show the 
user what can be interacted with.  
For the adjustment of the mirrors, it may have made sense to allow the user to point the 
laser pointer directly at the mirror, rather than having a button underneath. 
The information given to the user for this scenario was poor. 
The bus scene, unlike the truck scene, did not have any kind of canvas with a timer, or 
showing any statistics.  
The fix for this would be to give the user either some audible or visual (probably by text) 
feedback letting them know what the status of the scenario is. 
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Too much information at the start. 
As with the truck scenario, it was thought that the overload of the controls at the start of 
the scenario simply caused confusion, or an information overload.  
The controls should be introduced gradually, most likely via a tutorial stage. 
4.2 Summary of results 
The average score, particularly looking at the averages graph for the 15 heuristic 
statements is well below what would likely be required to consider the current design and 
implementation a success. Only 9/15 metrics for the truck and 4/15 metrics for the bus 
scored “agree” or higher. For both scenarios, the metrics which did not meet the average 
score of “agree” would be the best place to start in making improvements. 
In general, the truck scenario performed either similarly or better than the bus scenario 
on most metrics in both the 15 heuristic Likert scale statements and the further five points 
of consideration which included a star rating out of 10 and the opportunity to leave an 
associated comment.  
The exceptions where the bus scenario scored higher were “The scenario would be 
playable by someone with poor hearing or eyesight” for the 15 heuristic statements and 
“Learning of the controls” for the star rating and comments section. 
The positive comments, which suggest that the mechanic should be kept and developed 
further were; 
• Having one button, with which to bring up the canvas showing all the controls, 
worked well 
• Most users reported that they could get used to the main controls, even if it did 
take a bit of time 
• The use of pedals, for moving outside of the truck in the truck scenario, was 
thought to be intuitive 
• The “look and click” mechanic in the truck scene was thought to work well 
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4.3 Accuracy of the results and limitations 
The heuristic usability test was performed with a relatively low number of participants 
with the aim of gaining insight into users’ feelings towards the implementation of two 
scenarios in which different tasks need to be performed.  
The data cannot be considered as accurate as a wide-scale quantitative survey, however 
it was done with the intention of uncovering issues or successes, based on data in 
previous research which suggests that even a low number of testers, in this case six, 
could potentially uncover 80% or more of the usability problems (Nielsen 2000). 
If the test were to be re-done it would be worth recruiting at least one more tester from 
the target group to uncover as many possible problems as possible which result from a 
person’s unfamiliarity with VR hardware or the control mechanics. 
To improve the reliability of results in further research, an A/B test with two identical 
scenarios could be created, differing only in the implementation of the testable metrics, 
removing other variables between the scenarios. Many more mechanics than were 
tested here could also be implemented to gain further insight into user preferences. 
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5 CONCLUSION 
This thesis set out to find out the most ideal ways of using different hardware for 
simulating actions in VR and obtaining more information generally on usability of certain 
types of mechanics and menus in VR. The main aim was to discover best practices and 
pitfalls of setting up a single VR station, with as generic controls as possible, designed 
to be used for many different scenarios requiring different control mechanics. 
As a general rule, the testing would seem to suggest that users do not like switching 
between different controller hardware with a VR headset on, and, therefore, this should 
be avoided completely, or a system of how to easily pick up and put down a wireless VR 
controller (for example) would need to be found. The truck scenario also scored higher 
than the bus scenario for the controls being intuitive, controls being logical, the 
implementation feeling realistic and the use of controller simulating real-world actions 
well, suggesting no significant downside from using only the steering wheel hardware to 
approximate all of the control mechanics. 
There was also much room for improvement, for both scenarios, in guiding the user. This 
should be done by not overloading them with too many controls straight away, as well 
as providing more information about interactable objects and giving feedback (visual or 
audible) when they are being interacted with. Finally, the user should remain informed 
the whole time about the status of the scenario, either visually or audibly. 
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